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Abstract 

00 

The new SM-like Higgs boson discovered recently at the LHC, with mass rUh — 125 GeV, 
as well as the direct LHC bounds on the mass of superpartners, which are entering into the 
TeV-range, suggest that the minimal surviving supersymmetric extension of the SM (MSSM), 
should be charaterized by a heavy SUSY breaking scale. Several variants of the MSSM have been 
proposed to account for this result, which vary according to the accepted degree of fine-tuning. 
,__( We propose an alternative scenario here, Slim SUSY, which contains sfermions with multi-TeV 

masses and gauginos/higgsinos near the EW scale, but it includes the heavy MSSM Higgs bosons 
{H°, A'^, H^) near the EW scale too. We discuss first the formulation and constraints of the 
Slim SUSY scenario, and then identify distinctive heavy Higgs signals that could be searched 
at the LHC, within scenarios with the minimal number of superpartners with masses near the 
EW scale. 



E-mail: ernesto . arganda@f isica.unlp . edu. ar , jldiaz@fcfm.buap.mx, szynkmanOf isica.unlp . edu. ar 



1 Introduction 



The search for the Higgs boson and physics beyond the Standard Model (SM) were among the prhne 
motivations to build the LHC. With the recent LHC discovery of a new particle with SM-like Higgs 
properties and a mass around ruh^^ ~ 125 GeV [1,2], the first mission seems to be accomplished. 
The fact that the Higgs-like mass value agrees quite well with the range preferred by the analysis of 
electroweak precision tests (EWPT) [3], could be seen as a confirmation of the SM. Further studies 
of the Higgs couplings are required in order to confirm its SM nature [4,5], or to find evidence of 
physics beyond the SM. In fact, the LHC has already provided important bounds on the scale of 
new physics. However, the failure of the LHC, so far, to find evidence of new particles beyond the 
SM, have raised some premature concern. 

Within the Minimal Supersymmetric Standard Model (MSSM), which is the most popular 
realization of supersymmetry (SUSY) at the electroweak (EW) scale, the lightest Higgs boson mass 
satisfies the tree- level relation m^^o < niz, while radiative corrections involving the top/stop system 
are needed in order to bring mf^o above the LEP bound, mf^o > 115 GeV. In fact, to make the 
MSSM light Higgs boson to reach a mass of 125 GeV, one needs to include stop masses of order 
TeV and/or large values of tan/3. Similarly, the direct search for squarks and gluinos at the LHC 
is actually lifting their masses limits to the multi-TeV range [6]. Furthermore, the masses of all 
the MSSM particles must also agree with all bounds from collider and low-energy frontiers, and so 
far no effect has been detected that would require superpartners with masses below the TeV range, 
with the possible exception of the anomalous magnetic moment of the muon. 

These results suggest that SUSY is actually badly broken, though still softly, and bring into 
question the original motivation to solve the hierarchy /naturalness problem, as the resulting con- 
straints are difficult to fullfill in the most constrained versions of the MSSM, namely for the cMSSM 
or minimal SUGRA. Several avenues of reasoning have arisen in the SUSY community to cope with 
this situation: 

1. On one side there is the so-called phenomenological MSSM (pMSSM) [7-9], which takes ad- 
vantage of the large number of parameters that come with the MSSM. Then, one looks for 
regions of the parameter space where the current bounds on Higgs and SUSY are repro- 
duced [10]. This could be seen as a "no compromise" model, which will evolve as more data 
comes from the LHC. 

2. From a point of view slightly different. Natural SUSY and its relatives [11] offer the possibility 
of keeping supersymmetry as a solution of the hierarchy problem without re-introducing fine- 
tuning, which was one of its main phenomenological motivations. The paradigm of naturalness 
is actually in tension with the current direct SUSY bounds but it is still enduring [12-14]. 

3. On the other hand, we have Split SUSY [15], which falls under the enchantment of the 
landscape and the fine-tuning sirens. Motivated by the present lack of explanation for the 
comological constant (A), one simply assumes that nature accepts a couple of fine-tuning 
for A and the Higgs mass. Split SUSY models have been widely studied lately [16], and 
assume that, except for the light SM-like Higgs boson (h^), all scalars are in the multi-TeV 
range, while gauginos and higgsinos would have lower masses and could be at the reach of 
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the LHC. Alternative models, inspired in the landscape philosophy of Split SUSY, have been 
also proposed, such as Spread SUSY [17] and High-Scale SUSY [18]. 

However, this pattern of heavy sfermions has a positive side, namely the possibility to solve 
the SUSY flavor and CP problems by decoupling [19,20]. And this reminds us that there are open 
problems within the SM, notably the CP and flavor problems, whose solution may also leave its 
imprints in the parameters of the MSSM. But regarding the SUSY flavor problem, we notice that 
the Higgs doublets are somehow harmless. In fact, one could have the full heavy Higgs spectrum 
and H^), with masses near the EW scale without any phenomenological conflict. For 
instance, the approximate degeneracy between the heavy Higgs bosons facilitates the agreement 
with EWPT; similar conclusion holds for the implications of the Yukawa couplings for low-energy 
flavor observables and collider results [21]. Thus, one could imagine other reasons, beyond the 
landscape and fine-tuning arguments, to have heavy sfermions in the MSSM. For instance, when one 
considers flavor symmetries, it happens usually that the quarks, leptons and their superpartners, 
behave differently from the Higgs doublets, with the sfermions having flavor quantum numbers, 
while the Higgs doublets are singlets. Consequently, they would have different behavior when the 
flavor symmetry is broken. 

The aim of this paper is precisely to discuss the possible realization of scenarios with Higgs 
masses near the EW scale (which here it means to be in the range 0.2 — 1 TeV). In some sense 
we shall be studying a type of two Higgs doublet model (2HDM) with MSSM parameters and 
additional states, including a dark matter (DM) candidate, the lightest supersymmetric particle 
(LSP), which we assume to be the neutralino (xi), with MSSM parameters choosen such that 
m^o = 0(100 GeV). 

In our previous work [22], we studied the effect of non- universal Higgs masses within Split- 
inspired SUSY scenarios, focusing in heavy Higgs decays. However, after closely examining the 
defining hypothesis, we have learned now that our proposal goes beyond the Split SUSY models, 
which are based on the landscape paradigm. In fact, ref. [23], which clarifies the meaning of the 
fine-tuning associated with Split SUSY, also discussed briefly the possibility to have both Higgs 
doublets near the EW scale. This requires the imposition of a second fine-tuning, besides the 
one required to have a light Higgs boson at the EW scale. However, if the fine-tuning is a sign of 
exceptionality, we feel that using it twice would appear less motivated. Thus, we shall not associate 
the presence of the full Higgs spectrum of the MSSM near the EW scale with the philosophy of 
Split SUSY, but rather as a sign that the MSSM is also part of a more fundamental theory, with an 
unknown sector that communicates SUSY breaking with the MSSM to make the sfermions quite 
heavy, while it leaves the Higgs doublets light enough to be searched at the LHC or future colliders. 

The paper is organized as follows: in Section 2 we present the Slim SUSY scenario and discuss 
its possible theoretical realizations and its corresponding SUSY spectra. Section 3 is devoted to the 
study of the constraints that the current Higgs mass data and the strength of the SM-like Higgs 
signals observed at the LHC impose over the proposed scenario. We dedicate Section 4 to examine 
the decays and production of heavy neutral Higgs bosons at the LHC in specific scenarios of Slim 
SUSY. Finally, perspectives and conclusions are presented in Section 5. 
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2 The Slim SUSY scenario 



The MSSM is considered as an attractive model not only because it realizes a new type of symmetry, 
between bosons and fermions, that helps to solve the hierarchy problem, but also because its 
building blocks (R-parity) allow for the presence of a DM candidate, with the right mass and 
couplings to generate the meassured relic density. The model is also nice because it predicts gauge 
coupling unification at a scale that satisfies bounds on proton decay. The model also contains new 
sources of CP violation, which may allow to generate the right baryon asymmetry of the universe, 
while at the same time it should be free of the SUSY flavor and CP problems. 

In order to acount for all the above constraints and satisfy all the bounds on Higgs and SUSY 
at the LHC, we shall define our Slim SUSY model, with the following assumptions: 

1. It contains heavy sfermions of third generation (with m = 0{TeV)), to account for the Higgs 
mass value {ruhg-^^ — 125 GeV). 

2. Heavy masses of 0(10—100 TeV) for the first and second generation of sfermions to solve the 
SUSY and CP flavor problems or at least to ameliorate them. 

3. A neutralino sector with a LSP mass of 0(100 GeV), which is choosen as the DM candi- 
date [24]. Other possibilities, such as gravitino DM, could be acceptable too. 

4. The full Higgs sector has masses near the EW scale. 

Such a class of mass spectra could emerge from different theoretical realizations of SUSY break- 
ing, including PeV-scale supersymmetry [25] and pure gravity mediation [26-28]. The main idea 
behind them, is to give rise to the masses of the supersymmetric particles through dynamical break- 
ing of supersymmetry, where the chiral supermultiplet S, which breaks SUSY, is charged under 
some symmetry. Following [25] and [26], this superfield S is parametrized by 

S = S + V2^e + FsO^ , (1) 

whose nonzero Fs component is the source of supersymmetry breaking. The scalar masses are 
generated at tree-level by 



/ 



where Mpi is the reduced Planck scale and {i = H, Q, U, D, L, E) are in principle coefficients of 
0(1). Therefore, one obtains mo ~ Cim^j2 with rn^i^ = (F^Fs) /Mp^. On the other hand, gaugino 
masses would arise from the anomaly mediation and read as 

Ma. = ^-3/2 , (3) 

where the beta function is given at one-loop by P{ga) = baQa/ (167r^) and ba denotes the coefficients 
of renormalization-group equations (RGEs) of ga- 
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Thus, we shall study the constraints on the MSSM parameters in order to have m^^o ~ 125 GeV, 
and the predictions for masses and couplings of the heavy Higgs states {H^, A^). In principle, their 
mass could be as low as the LHC admits, i.e. rriffo, m^o = 200—600 GeV, which are much lighter 
than the sfermion masses. In order to obtain this hierarchy in the simplest way, for gravitino masses 
of order 10 TeV, we can simply assume that ch^ — ch^ = 0(10^^) and cq^ j — C(7i,2 — 2 = 
0(10). For the third generation of sfermions, we shall take cq^ ~ cjj^ ~ c^g = 

This pattern could be explained for instance in a supersymmetric theory of flavor based on 
the Froggatt-Nielsen mechanism [29], which would be invoked not only to generate the Yukawa 
couplings, but also to explain the difference between matter and Higgs superfields. Namely, when 
one considers flavor symmetries, the matter supermultiplets containing the quarks, leptons, and 
their superpartners, are usually charged under a flavor symmetry, while the Higgs multiplets are 
assigned as singlets. Thus, they would have different behavior when the flavor symmetry is broken. 

There are other possibilities that one could imagine, such as the heterotic string construc- 
tions [30], where the Higgs and the third family arise in the untwisted sector, while the first and 
second families belong to the twisted sector, resulting in a UV realization of Natural SUSY [31]. 
It is also possible that the Higgs multiplets correspond to pseudo-Goldstone bosons of a global 
symmetry [32] or even they could be composite states [33] and they would not have consequently 
the same mass as the sfermions. 

In order to provide a general definition of the parameter space of the Slim SUSY model, we 
assume that all of the soft masses of squarks and sleptons of the first and second generations 
are given by only one parameter, M5. We also consider only a common soft mass for the third 
generation of sfermions, nig, which is defined as the boundary condition for the RGEs. Therefore, 
the relevant MSSM parameters of Slim SUSY are the following: 



• 1 < tan/3 < 60, 

• 200 GeV < rriAo < 600 GeV, 

• 0.1 TeV < [Mil, IM2I, < 3 TeV, 

• 1 TeV < M3 < 3 TeV, 

• -10 TeV < At < 10 TeV, 

• 10 TeV < Ms < 100 TeV, 

• 1 TeV <ms< 7.5 TeV, 



where tan /3 is the ratio of the two Higgs vacuum expectation values, rrij^o is the mass of the pseu- 
doscalar Higgs mass. At is the common trilinear coupling for the sfermions of the third generation 
and Ml, M2, M3 and n are the bino, wino, gluino and higgsino masses, respectively. We notice that 
the Slim SUSY spectra are somehow similar to the radiative natural SUSY ones [14]. However, 
the sfermion sector of the former is much heavier than the latter and it could be even heavier, 
as LHC searches for SUSY are indicating, since we do not have to deal with the constraints that 
naturalness imposes. Moreover, we would like to emphasize that Slim SUSY is not a Split SUSY 
scenario either, since we do not decouple the heavy scalar states. 
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Figure 1: Supersymmetric mass spectrum for Ms = 35 TeV, rUg = 7.5 TeV, rrij^o = 400 GeV, 
tan/? = 7.5, = 0, Mi = 150 GeV, M2 = 1 TeV, M3 = 3 TeV and = 300 GeV. 



Although one expects that heavy sfermions would decouple from low energies, there are RGE 
effects that could be important, namely it is posisble that m^o acquires imaginary tree-level values 
(meaning that the electroweak Higgs minimum is essentially unstable) or the sfermion masses of 
the third generation may become tachyonic [34]. In our previous work [22], we checked that these 
problems can be avoided if we increase m^o or decrease m^, and scenarios with values of nis below 
8 TeV do not present this kind of difficulty. However, it would be important to perform a thorough 
study of the constraints on our model coming from RGEs and correct EW symmetry breaking, 
which is out of the scope of this paper, and we leave for future works. 

Furthermore, to ilustrate the type of supersymmetric spectrum arisen within Slim SUSY, we 
have displayed in Figure 1 the full spectrum of squarks, sleptons, charginos, neutralinos and Higgs 
bosons, for the following choice of parameters: Ms = 35 TeV, = 7.5 TeV, m^o = 400 GeV, 
tan/3 = 7.5, At = 0, Mi = 150 GeV, M2 = 1 TeV, M3 = 3 TeV and ^^ = 300 GeV. This 
choice represents a SUSY point with bino-like LSP (with large higgsino admixture) and the only 
supersymmetric signals available for the current energies at the LHC are the invisible decays of 
and Higgs bosons into two LSP neutralinos. The rest of neutralinos and charginos are too heavy 
to be produced through the decays of the heavy Higgs bosons, and the gluino, sleptons and squarks 
are not reachable at the LHC. We shall analyze in more detail the possible signals of this class of 
SUSY spectra in Section 4, in which we will study the production of heavy neutral Higgs bosons 
and their different decay modes. In summary, in our exploration of the MSSM ways, we assume 
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Figure 2: Scatter plots of the allowed regions in parameter space for m^^o. Left panel: m/jO as a 
function of Ms- Right panel: rriyfi in the plane mg—Ms- In both plots, red dots are for 122 GeV 
< niyfi < 128 GeV and blue dots represent values of m/jO smaller than 122 GeV or larger than 128 
GeV. Values for the rest of the parameters were varied randomly, with At = 0. 



that the LHC will not discover any colored superpartner but weakly-interacting ones (neutralinos 
and/or charginos). 



3 Higgs mass and LHC constraints 

The first constraint that any SUSY model should fullfill nowadays is the ocurrrence of a light Higgs 
state with a mass near m/jO — 125 GeV. After considering the results, including statistical and 
systematic uncertainties reported by ATLAS [1] and CMS [2], we consider a central value for m/jO 
of 125 GeV and an uncertainty of ±3 GeV, i.e. we accept a value of myfi in our numerical analysis 
if it hes within the range [122 GeV, 128 GeV]. 

For this, we have generated scatter plots (by means of the use of the code SuSpect [8]) included 
in Figure 2 that show the different regions in parameter space where m/jO lies between 122 GeV 
and 128 GeV (red dots) or falls outside this range (blue dots). On the left panel we can see the 
behavior of mj^o with Ms- The dependence on this parameter is not so pronounced as on rus (see 
our previous work [22]) but it is not negligible, since we are not decoupling the sfermions of the first 
and second generations. It is clear that it is possible to obtain values of nif^o close to its current 
experimental value for all the values of Ms considered here, within the range [10 TeV, 100 TeV]. 
On the right panel of Figure 2 the behavior of m/jO with Ms and is displayed. For low values 
of Ms, close to 10 TeV, values of m<j smaller than 3.5 TeV do not allow to get values of m^^o in the 
valid range. As Ms increases, the range of mg that generates correct values of m/jO become larger. 
For values of Ms between 30 and 50 TeV, stop masses in the range [2.5 TeV, 7.5 TeV] drive us to 
122 GeV < m/jO < 128 GeV. From Ms — 50 TeV, this windows starts to close and only low values 
of rris, between 2.5 TeV and 4 TeV, result in proper values of rriyfl. We can conclude from this two 
plots that both parameters mg and Ms are important in order to obtain correct values of m/iO, 
although the dependence on the former is stronger. 
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Figure 3: Correlation between 77 and ZZ signal rates for the light Higgs boson /i". Red and green 
dots are for 0.7 < R^^ < 2.42 (95% C.L.) and 0.3 < R'^z < 1-3 (95% C.L.), respectively; yellow 
dots represent points of the parameter space that fulfill both previous requirements; blue dots do 
not satisfy any of them. 



The next constraint that needs to be satisfied is the strength of the SM-like Higgs signal observed 
at the LHC [35]. Namely, in order to reproduce the signal rate for the SM-like Higgs signals with 
m^o ~ 125 GeV, within Slim SUSY scenarios, we show in Figure 3 the ratios defined as follows: 

h,H ^ a{gg^h^,H<') BR(/i",g°^XX) 

XX ^^gg ^ f^^^^ BR(/igM -^XX) ^ ' 

for X = 'J, Z (for the calculation of these ratios we have used the code FeynHiggs [36]). In these 
plots, red and green dots are for 0.7 < i?^^ < 2.42 (95% C.L.) and 0.3 < < 1.3 (95% C.L.), 
respectively, while yellow dots represent points of the parameter space that fulfill both previous 
requirements and blue dots do not satisfy any of them. This figure shows that plenty of points 
satisfy both constraints for within the Slim SUSY model. 

On the other hand, in Figure 4 we have displayed the values of the corresponding quantity R^z 
for the heavy CP-even Higgs boson H^, which can also be constrained from current LHC searches. 
This discussion is only based on the decay mode — )• ZZ*, while the results from the other 
relevant decays of is left for the following section. The ratio R^z ^^^o defined in Eq. (4), and 
it is presented as a function of the heavy Higgs mass, for those points where Rxx ™ ranges 
defined in Figure 3. For illustration, we also display in this figure the value Rzz ~ O-^j which is 
the mimimum value that LHC has excluded for the mass range 200—600 GeV [37], which is well 
above the values obtained for within the Slim SUSY model. 
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Figure 4: i?f^ as a function of the heavy Higgs mass m^jo. Red and green dots are for 0.7 < i?^.^ < 
2.42 (95% C.L.) and 0.3 < < 1.3 (95% C.L.), respectively; yellow dots represent points of the 
parameter space that fulfill both previous requirements; blue dots do not satisfy any of them. 
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Figure 5: (left panel) and (right panel) decay channels as a function of rrifjo and m^o, 
respectively, for Ms = 35 TeV, = 7.5 TeV, At = 0, Mi = 150 GeV, Ma = 1 TeV, M3 = 3 TeV, 
/i = 300 GeV and tan /3 = 7.5 (in red) or tan /3 = 15 (in blue). 



4 Decays and production of heavy neutral Higgs bosons at the 
LHC 

Given that our samples satisfy the constraints on the SM-like Higgs signal at the LHC, we would 
like now to identify new signals of the heavy Higgs states, which could be searched at the LHC. We 
know from [22] that for the most of the regions of the parameter space, the dominant decay modes 
are — )■ 56, r+r" and A^ — )■ bb,T~^T~ for tan/3 > 10, or {H^,A^) — )■ tt, if it is kinematically 
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allowed, for low values of tan /3. However, the corresponding signatures of these decay channels are 
very difficult to distinguish from the SM background. 

Therefore, we show in Figure 5 the results for the branching ratios of the most relevant decays of 
and Higgs bosons which could shed light on some new physics. On the left panel we see the 
dependence of BR(i?° h^h^), BR{H° Z^Z^) and BR(i?o XiX?) on ttiho. On the one hand, 
for low values of tan /3 (points in red) both decay modes — t- hPh^ and — t- XiXi can obtain 
important branching ratios (BR(F0 h^h^) ~ 0.2 for tuhq ^ 250-300 GeV and BR(if° XiXi) 
~ 0.2 for rriijo ~ 450 GeV). On the other hand, if we double the value of tan/3 (points in blue), 
these branching ratios decrease drastically (around one order of magnitude for — )• h^h^ and 
softer for the invisible decay), because of the enhancement proportional to tan/3 on hb and t^t~ 
decay modes. It is important to note that the large branching ratios of the invisible decay, 
compared to our results obtained in [22], are due to the choice of input parameters. Concretely, 
the values of Mi and /U chosen in Figure 5 produce a large gaugino-higgsino mixing, necessary to 
have non-negligible Higgs-neutralino-neutralino couplings. A similar behavior is depicted on the 
right panel of Figure 5 for A9 — t- Z^hP and ^ — >■ XiXi decay channels, as a function of m^o. In 
this case, we can obtain values of BR(A'^ — )• XiX?) even larger (up to 0.4 for m^o ~ 350 GeV). It 
is also remarkable that even for tan/3 = 15, the branching ratio of this invisible decay is always 
around 0.1. The decay mode — )• Z^h^ is also interesting and can reach a branching ratio of 0.2 
for tan /3 ~ 7.5 and m^o ~ 290 GeV. However, it is also very sensitive to tan /3, as — t- hPhP 
channel, and for tan /3 ~ 15 suffers a large suppression, around one order of magnitude or more. 
To sum up, we notice from these two plots that the decay modes — )• hPh^ , AP — )• Z^h? , as well 
as the invisible decays into the LSP neutralinos {H^,A^) — )• XiXi; achieve measurable branching 
ratios that could be interesting to further study. 

We show next, in Figure 6, the expected number of events for these signals at the LHC, calcu- 
lated as 

A^events = C7(/7°, ^°) X BR(if°, A^ ^ XX) X £ , (5) 

where a{H^,A^) is the production cross section of and A^ (computed with FeynHiggs too), 
respectively, and C is the total integrated luminosity of the LHC. We can see from this plot that 
the most promising process, in order to obtain measurable new physics signals, is the production 
of via gluon fusion and the consequent decay into two light Higgs bosons, with more than 
2 X 10'^ expected events for the current £ = 23 fb~^ and low values of m^o. The production of 
the pseudoscalar Higgs boson A^ via gluon fusion and its decay into Z^h^ is also an interesting 
process, but the number of events expected is lower, 1 x 10'^ at the most for m^o ~ 350 GeV. Both 
processes are not sufficient to distinguish a 2HDM from Slim SUSY scenarios and we have to resort 
to the invisible decays of and A^ . The problem in this case is that we need some particles 
in the final state to be tagged in order to identify the missing transverse energy produced by the 
two LSP neutralinos. Thus, for the processes with neutralinos in the final state, we consider the 
production of and A^ associated with a pair of bottom quarks, which have to be tagged [38]. 
The number of events predicted in these latter processes are even much lower, less than 70 for 
with m^o around 350 GeV and close to 200 for A^ with mj^o ~ 300 GeV. Moreover, these numbers 
will be reduced after 6-tagging process. Nevertheless, the combination of the production of H^, 
via gluon fusion, decaying into hPhP and the production of ^ , associated with a pair of bottom 
quarks, decaying into two LSP neutralinos could provide a clear hint of the presented Slim SUSY 
scenarios. 
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Figure 6: Number of events expected at the LHC for — ^ Z^Z^ and — > through 

Higgs production via gluon fusion (in red), and {H^, A^) — )• XiXi through Higgs production asso- 
ciated with a pair of bottom quarks (in blue), for a total integrated luminosity of £ = 23 fb~^ and 
a center-of-mass energy of y/s = 8 TeV. The input parameter are chosen as in Figure 5: Ms = 35 
TeV, rus = 7.5 TeV, At = 0, Mi = 150 GeV, Ma = 1 TeV, M3 = 3 TeV, fi = 300 GeV and tan /3 = 
7.5. 



5 Conclusions 

The recent LHC results on the mass of the new SM-like Higgs boson, mhsm — GeV, as well 
as the O(TeV) direct bounds on the mass of colored superpartners, suggest that a heavy SUSY 
scale should be part of the surviving MSSM. In this paper we have proposed an alternative MSSM 
scenario, called Slim SUSY, which has gluinos and sfermions with multi-TeV masses. Gluinos and 
sfermions of third generation have masses of ©(TeV), in order to account for the Higgs mass value 
(m/igj^ — GeV), while sfermions of the first and second generations are assumed to be heavy 
enough (C(50— 100 TeV)) to solve the SUSY and CP flavor problems, or at least to ameliorate 
them. The Slim SUSY scenario contains gauginos/higgsinos near the EW scale; in this regard, it 
is similar to some MSSM scenarios proposed in the literature, such as Natural SUSY, pure gravity 
mediation. Split and Spread SUSY, among others. However, the model includes, as a new feature, 
the heavy MSSM Higgs bosons {H^ , ^ , H^) near the EW scale too. In fact, these Higgs scalars 
could be searched at the LHC and provide the first signature of SUSY at the EW scale, together 
with a DM candidate. In sumary, within our exploration of the possible ways that SUSY could 
be realized in nature, we are assuming that no strongly- but only weakly-interacting superpartners 
will be discovered at the LHC. 

We have discussed the theoretical constraints on Slim SUSY and have found regions of pa- 
rameters where the light Higgs boson h? lays within the mass range [122 GeV, 128 GeV], and its 
couplings satisfy LHC constraints too. We have also impossed the constraints from LHC Higgs 
searches through the ZZ* channel for the heavy CP-even Higgs boson , finding that most of the 
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points generated satisfy this bound. Then, we have identified distinctive heavy Higgs signals that 
could be searched at the LHC, including the decay modes — )• h^h^ and — )• Z^h^, as well as 
the invisible decays into the LSP neutralinos {H^,A^) — t- XiXi- 

The mood of the 90's was to expect that LEP would start the detection of the full spectrum 
of superpartners of the MSSM, and the task would be completed at the LHC. We have learned by 
now that the possible realization of SUSY in nature, and its detection at the LHC, will not be as 
exhuberant as it was tought then, but rather slim. 
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